The rate of destruction of hemagglutinins and infectivity of Newcastle disease virus was determined over a temperature range of 37.8 to 60 C. From the calculated values of AH and AS, it was concluded that inactivation of the hemagglutinating activity and viral infectivity was due to protein denaturation.
The significance of virus-contaminated foods in human diets is not yet established. However, food, including milk, has been implicated epidemiologically with several outbreaks of viral diseases (1, 6, 7, 8, 12, 17) . Poliovirus and echovirus have been isolated from the soil of fields irrigated with sewage, and a few vegetables grown in these fields have been shown to contain cytopathic agents (4) . Although it is known that viruses do not replicate in foods, echovirus, coxsackievirus, and poliovirus have been shown to survive on vegetables stored under household conditions for as long as 2 months (5). These findings seem to indicate that viruses pathogenic to man can gain entrance to foods during their production, processing, or preparation. Food processes designed for the elimination of harmful organisms from food cannot be assumed to eliminate foodborne viruses (13) .
Thus, it becomes a matter of practical importance to determine the thermal resistance of viruses. It is also of interest to study the kinetics of the thermal inactivation, since it may give some insight to the mechanism of inactivation. The present study reports experiments measuring energy of activation and entropy of activation of the thermal inactivation of hemagglutinin and infectivity properties of Newcastle disease virus (NDV). for 20 min, and stored at -40 C in 15-ml portions until used.
MATERIAL AND METHODS

Virus
Hemagglutinin titration. The virus in 0.5-ml amounts was serially diluted by factors of two in test tubes containing immunological buffer (NaH2PO4-H20, 27.6 g; NaCl, 29.25 g; NaOH, 6.05 g/liter). To each tube of virus, a 0.5-ml quantity of a 0.25% suspension of chicken red blood cells in immunological buffer was added. The virus titer was read after 1 hr at room temperature. The titer was determined from the highest dilution of virus which provided a visible pattern of agglutination. Agglutination patterns were read as ++++, +++, ++, +, 0 and were expressed as hemagglutinating units per ml.
Virus infectivity titration. Tenfold dilutions of virus samples were made in phosphate-buffered saline containing 1% rabbit serum. One-tenth milliliter amounts of each dilution were injected into the allantoic cavity of six 10-day-old fertile hens' eggs and incubated for 1 to 5 days. Each day the eggs were candled, and the dilutions at which embryos died were recorded. The end point was taken as the highest dilution which resulted in 50% mortality of embryos. The 50% lethal end point (LDt,) was determined by plotting the logarithm of the per cent mortality of the dilution just above 50% and just below 50% mortality versus the dilution of virus. The curve was drawn through these two points, and the point where the curve intersected the 50% survival line was noted. The reciprocal of this value was regarded as the LD o per 0.1 ml.
Thermal inactivation studies. A series of glass tubes (8 mm in diameter by 150 mm in length) containing 3-ml amounts of diluted infective allantoic fluid (pH 7.7) were heated for various times in a thermostatically controlled water bath which was constant to 0.1 C and were then immediately cooled in ice water and assayed for hemagglutinins and infectivity by the methods described previously. (18) .
RESULTS
Inactivation
The two-component curve which characterized the thermal inactivation of NDV infectivity has been reported for other viruses (3, 15, 16, 19) . The shape of these curves has been attributed by some to an inherent heterogeneity of the virus, such that a small proportion of the thermally resistant particles account for the decreased slope of the latter segment of these curves. However, in the present study, it would appear that the fraction of resistant virus, which can be estimated by extrapolating the secondary portion of the inactivation curve to the ordinate, is not some fixed value but is dependent on the heating temperature and disappears at low temperatures. It is difficult to reconcile this result with the theory of a heterogeneous resistance. Others have postulated that the change in inactivation rate at high temperature is due to factors operating during the reaction, such as the formation of aggregates, adsorption to the walls of the vessel, or the presence of virus particles in aerosol droplets above the surface of the liquid (14), all of which may protect against inactivation. Polioviruses being treated with formaldehyde become progressively more resistant to inactivation by this compound, and it has been suggested that this is due to a hardening of the protein coat as the reaction proceeds (10) . Nevertheless, it appears that the two-component inactivation curves for viruses will have to be accepted until the question is resolved as to whether this phenomenon is due to an artifact or to a particular inactivation mechanism.
Inactivation of NDV infectivity can be caused by destruction of the RNA, denaturation of the nucleoprotein, or denaturation of the protein in the outer coat resulting in an inability of the virus to attach to host cells.
Denaturation of protein is associated with a large value of AH and AS due to the rupture of a large number of hydrogen bonds which results in a collapse or unfolding of the secondary structure of the molecule. Smaller values of AH and AS are required for heat inactivation of viral RNA. Values of about 20 kcal/mole for AH and -19 cal per mole per degree for AS for thermal inactivation of tobacco mosaic virus RNA and 31 kcal/mole for AH and 4 cal per mole per degree for AS for thermal inactivation of a poliovirus RNA have been reported (9, 11) . Ginoza (11) postulated that inactivation of RNA is due to a rupture of the chain. The rather large values of AH and AS obtained in the present study for inactivation of NDV infectivity would indicate that loss of infectivity in the high temperature range was due to protein denaturation rather than destruction of RNA. In support of this conclusion is the fact that a poliovirus, a rhinovirus, and foot-and-mouth disease virus heated at high temperature (50 to 65 C) show a marked reduction in viral infectivity but only a slight loss in infectivity of the extracted RNA (2, 9) . It should be pointed out that it has been found with some viruses, at least, that at low heating temperatures (about 43 C or less) loss of infectivity is due to inactivation of RNA (9) .
It appears that this phenomenon may also apply to NDV. Note that there was no damage to protein (hemagglutinin) after heating for 75 min at 43.3 C (Fig. 1) , whereas this same timetemperature treatment caused over 90% loss in infectivity (Fig. 2) .
